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ABSTRACT 
 
 Sustainable agriculture is an essential precursor to any sustainable community 
past, present and future. The achievement of a sustainable agroecosystem is one that 
addresses the increasing concerns over industrial agriculture’s impacts on the 
environment, economic and social systems while framing it at bioregional scales. 
Increasingly there is both a social desire and environmental need for sustainable 
agriculture as integrated into rural landscapes and communities. Despite this need, there 
has been little initiative to develop sustainable agriculture systems within major land-
grant universities. In particular, there is little progress in capacity to provide research on 
existing sustainable agricultural models, developing tools to assess sustainability in rural 
systems or creating these living laboratories for outreach or education in sustainable 
practices. This thesis propounds development of a collaborative and sustainable master 
plan for University of Illinois Dudley Smith Farm. The plan proposes a farm model 
which functions as an educational research center for sustainable agriculture as well as a 
site to assess agroecosystem sustainability through energetic and economic assessment.  
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CHAPTER 1  
INTRODUCTION 
 
Modern agriculture has quietly entered a state of chronic crisis. Between the 
industrialization, Tysonization and globalization of agriculture promoted over the last 50 
years the structural changes to our agroecosystems gutted rural communities, forced 
thousands from farming, degraded natural capital and raised quality concerns over our 
food systems in the name of “progress.” Those farms and rural communities falling 
behind during our era of industrialized agriculture are deemed by agribusiness as “victims 
of their own inefficiency." Industrial agriculture and agribusiness improved the means of 
producing abundant, low cost calories despite a continuous depletion of agricultural land 
and soil each year. The shrinkage of rural communities has been sold as the means of 
freeing people from rural life so they can find jobs in an economy that gauges success by 
how little can be paid, and how few are employed. Yet, industrial agriculture is 
increasingly guided by the fundamentally outdated principles of our industrial revolution, 
which shift farming from soils to oil and farms to open sky factories mining resources, 
creating environmental degradation, and importing nearly as many calories as produced. 
Is it possible to develop a new blueprint for agriculture that rebalances it in ways that 
protect our social and economic systems while observing ecological limits and supporting 
sustainable agroecosystems? Furthermore, how can such sustainable agroecosystems be 
developed and assessed?  
Agriculture in general and industrial agriculture in particular tipped the ecological 
balance to humanity’s favor. “With 23% of the world’s surface occupied by row cropping 
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or pastureland, the conversion of the landscape to agriculture is one of the most 
significant human alterations to the global environment” (Matson et al., 1997, 504) and is 
arguably, responsible for much of our success as a species. In the United States, this 
conversion quickly out paced our understanding of how anthropocentric agroecosystems 
interact with the complex natural and social systems that underpin them. Unfortunately, 
our history as species does little to support the economic or industrialization hypotheses 
that either populations or consumption automatically adjusts equilibrium to sustainable 
levels. Instead, historical evidence suggests that societies, which favored environmental 
degradation for short-term personal or economic gain, continued to abuse the system to 
the point of agricultural collapse. The classic examples of such collapses are the Easter 
Islanders, Mesopotamians and Incan societies (Diamond, 2001). All three failed to adjust 
agricultural practices, natural resource utilization or economies, resulting in a failure to 
meet comparatively growing population needs for crops on progressively depleted soils 
and resources. There is also nothing in our own history to indicate that our societies are 
any more proportionately regenerative, resistant or resilient than any other previous 
ecological communities (Ikerd, 2008). Wes Jackson (1980, 1) spared few words in his 
opening paragraph of New Roots for Agriculture stating the “Green Revolution 
agricultural models are now increasingly viewed as a threat to the biosphere.” If 
industrial agriculture can no longer produce cheaper or safer food, if rural populations 
have few opportunities to find work or continue their way of life and if a farms can no 
longer reflect the ethical or moral values of the individual farmer; should we continue to 
industrialize agriculture or is it time for evolution (Ikerd, 2008)?  
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In The Post Capitalist Society, Peter Drucker (1994) suggests that every few 
hundred years western societies go through sharp transformations that last a few short 
decades and result in a societal rearrangement, reshaping their worldviews, basic values, 
key institutions and basic structure. Such reorganization must occur in our agricultural 
systems to reduce pressures on the environment, social fabric and capacity to sustain our 
way of life. While there is no definitive blueprint for how we can fully provide for 
ourselves or how we may create an enduring system of sustainable agriculture, images of 
possible solutions are emerging. Modern sustainable farms have many labels such as 
alternative, organic, low input, regenerative, biodynamic and permaculture; each of 
theses approaches seek to bridge gaps between the land use, societal mores and future 
consumption needs. With world populations expected to reach nine billion by the middle 
of the 21st century, pressure on agriculture to meet demand is far more likely to increase 
rather than subside. Agriculture must continue to be a major target of research and 
development so that we can reconcile the increased need for production with greater 
environmental protections in the future (Matson et al., 1997). Land Grant Universities are 
salient institutions for developing effective industrial agricultural models. As such, they 
afford opportunities to develop facets of our suitable agriculture blueprint by providing 
new opportunities and pioneering concepts seen as economically unfeasible for 
experimentation by industrial practice. With this comes a responsibility to effect 
meaningful and responsible changes in practice applicable to industry as well as 
beneficial to a sustainable society. This study investigates the potential to create a new 
paradigm for midwestern agriculture balancing social support systems, economic 
viability within environmental limits and ecosystem preservation. By way of this model, 
 4 
we test both a bioregionally specific example of sustainable agriculture on the University 
of Illinois Dudley Smith Farm and develop means to asses this sustainability within 
Illinois Agroecosystems at large.  
Project Aim 
 The Dudley Smith Farm (DSF) was donated to the University of Illinois in 1996 
with an endowment to fund research. The stated mission of the Dudley Smith Farm is to 
“Understand the interactions among the components of the agricultural and community 
system, including its natural resources, economic base and social elements, to make 
agriculture sustainable over the long term.” (Dudley Smith Initiative, 1996) Developing a 
master plan, which transforms DSF into an immersive center for sustainable agriculture, 
requires not only planning and design but also a comprehensive assessment of the 
region’s needs and resources. The design solution must provide for land capacities and 
the infrastructure necessary to explore and expand on the current and emerging 
paradigms of sustainable agriculture. This master plan must also reflect the biophysical 
and social context of its region. Finally, a Dudley Smith Farm Master Plan (DSFMP) 
must further meet the following six fundamental indicators of sustainability, which we 
developed from a survey of current, leading sustainable agriculture goals and through 
working with Dudley Smith Farm stakeholders.  
A sustainable farm should:  
1. Produce all energy needed for operations and embodied energy of inputs on site 
2. Sequester more carbon than it produces 
3. Produce all feeds needed for animal production 
4. Import no chemical nutrients  
5. Reduce nitrate runoff by 75%  
6. Be economically viable 
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A Dudley Smith Farm Master plan may create not only a sustainable farm, but also a new 
vision for its associated region. The process utilized in creating a master plan also 
demonstrates the potential for new disciplines as stakeholders in facilitating future 
agriculture, which includes planning, and design fields. This project tests the boundaries 
set by industrial agriculture for the region and rejects the dogma thus far promulgated by 
current industrial agricultural models.  
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CHAPTER 2 
INDUSTRIAL AGRICULTURE IMPACTS  
AND SUSTAINABLE AGRICULTURE FRAMEWORKS 
 
The proliferation of industrialized agriculture took place in a short period of less 
than a half-century. This new industrial paradigm in farming led to “yearly increases in 
production yields of six percent, thereby offsetting land lost to urbanization and 
supporting population growth” (Jackson, 1980, 16) this “reduced the proportion of 
hunger from more than 50% of the total population after World War two to fewer than 
20% today” (Dalgaard, Hutchings and Porter, 2003, 39). However, many believe that we 
have reaped the all the benefits that industrialized agriculture has to offer (Ikerd, 2008; 
Pretty, 1998; McIssac  and Edwards, 1994; and Jackson, 1981). The industrial 
improvements to agricultural came at the a cost of increased dependence on capital 
investments, fossil fuels, synthetic nutrients, pesticides, and monocropping systems, 
which in turn caused a rapid decline in basic natural resources associated with agriculture 
(McIssac  and Edwards, 1994). We are now left with what Wes Jackson (1980, 5) calls 
the “failure of success.”   
While industrial agriculture’s benefits to society declined, threats to natural 
resource based rural communities, farmers and society as a whole have increased (Ikerd, 
2008). McIsaac and Edwards (1994, 21) poignantly display in their statement both the 
social and environmental dimensions of our agricultural crisis, “Agriculture does not 
exist in isolation but as a part of a broader human culture that values and sustains many 
things. Agriculture that destroys biodiversity, wilderness, environmental quality, human 
freedom and happiness will probably not be sustained.” The modern industrial agriculture 
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model was meant to feed the world; however, the technologies developed in that effort 
have become a primary concern for a sustainable future. Threats to our environment as 
well as social and economic systems are intertwined with modern agriculture and when 
seen in the historical context of the industrial era, where factories degraded and mined 
natural resources, while undercutting or exploiting communities and the social fabric they 
claimed to improve. Further evidence may be found in 1980’s when the USDA concluded 
that “…the most common concerns in agriculture were increased dependence on 
chemical inputs, soil productivity decline, water contamination, human health and the 
farm/rural community”. (NRC 1989) Nearly a quarter century later, these concerns still 
persist side by side with the additional concerns of global warming, human health and 
food safety.  
Inputs & Energy:  
The industrialization of agriculture made food production dependent on capital 
investments and significant inputs of non-renewable energy resources, spurred forward 
by undervalued energy costs (Edwards, et al., 1994). Used as a replacement for manual 
labor and ability to transport farm goods over greater distances, fossil fuels and fossil fuel 
based nutrients and agrochemicals account for a significant amount of agriculture’s 
energy footprint (Pimentel, 1980; 1994; 1997 and Giampietro, 1994). For example, the 
typical recommended rate of Nitrogen application for corn in Illinois is between 1 and 1.2 
pounds per target bushel yield, totaling between on average 180-216 pounds of nitrogen 
per acre (Hoeft and Theodore, 2002). The most common source for this Nitrogen in the 
Midwest is anhydrous ammonia derived from natural gas. If 200 pounds of Anhydrous 
Ammonia are applied to an average field it will embody 5,883,640 Btu’s an average of 
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29,418 Btu per pound of nitrogen (Pimentel, 1997; Hessel, 1992; West & Marland, 
2002). Thus, an application of anhydrous of ammonia at the recommended rate is 
equivalent to over 1,700 KwH of electricity or nearly 50 gallons of regular unleaded gas. 
Hessel 1992 concludes that pesticides also have a significant energy and fossil fuel 
footprint; his findings breakdown the embodied energy of principle pesticide: Herbicides 
114,676-129,330 Btu/lb Insecticides 122,532-134,310 Btu/lb and Fungicides 87,618-
123,900. Fertilizers and pesticides are only two typical, significant inputs that embody 
significant inputs of non-renewable energy resources. Shipping, processing, machinery, 
seed and irrigation all add to the increased cost of, and dependence on, external non-
renewable inputs (Edwards, 1990, 50). Such energy costs lead some researchers to 
believe that industrial agriculture actually produces fewer overall calories of energy than 
are fixed and harvested by the crop (Giampietro, 1994; Pimentel, 1996).  
 
Soil and Water: 
A dependence on external inputs creates considerable environmental problems as 
farms in turn often re-export chemicals, nutrients they utilize through seepage and 
erosion into surface or groundwater systems. When pesticides or artificial nutrients are 
applied to a crop, most volume is taken up by the target plants and pests; some of the 
remainder is degraded by soil microbes. However, portions of all applications are 
dispersed into the environment through vectors such as vaporization, erosion or soil 
leaching. The USDA estimates that an average 50-70 percent of all nutrients in surface 
water are Nitrogen and Phosphorous from agricultural sources (as cited in NRC, 1989). 
Nitrogen leaching through tile drainage is a particularly acute issue since in the Midwest 
as it is directly linked to maladies such as Gulf Coast Hypoxia. Studies show Illinois as 
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one of the top contributor of contaminants, which flow into feeder stream, eventually 
running the course of the Mississippi and ending up in the Gulf of Mexico. (Crumpton et, 
al., 2008) There are currently very few restrictions on these pervasive, non- point source 
pollution problems even though both causal relationships to hypoxia and subsequent 
solutions are well documented. Agricultural runoff is also linked to estuary degradation 
and infiltration into ground and drinking water. Bacteria and other pathogens from 
livestock operations are also identified as non-point source contaminants in surface water 
systems. As far back as the early 1980’s the US EPA estimated the cost of damages 
associated with agricultural non-point source pollution to be between 2-11 billion dollars, 
(NRC, 1989) and current estimates find such costs to be estimated at 21.5 billion dollars 
(US EPA, 2003).  
Beyond the economic costs associated with chemical and nutrient pollution is the 
threat of erosion and soil loss. The opening paragraph of the General Accountings Office 
(GAO) report to congress from February of 1977 found that “estimates of soil losses from 
283 farms the GAO visited on a random basis in the Great Plains, Corn Belt and Pacific 
Northwest indicated that top soil losses are threatening continued crop productivity” 
(GAO, 1977, 1). This trend in soil erosion continues to the current day even with our 
extensive improvements in resource management and conservation programs developed 
since the 1930’s dust bowl era. Many studies indicate that erosion results in large 
decreases in soil productivity. For example, researchers at Iowa State University studied 
40 soil associations and reported that the impact of erosion on crop productivity was 
largely determined by subsoil properties (as cited in NRC, 1989). Thus, the losses of the 
O and A horizons can have considerable impacts on yield, nutrient availability, root 
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growth, and moisture availability; all essential factors for plant development. In already 
unfavorable subsoil conditions, erosion can drastically reduce crop productivity (Craft, et 
al., 1984). Severe soil deterioration has reduced the agricultural viability across the 
regions affected in the dust bowl, while thousands of acres of farmland in Illinois, 
especially in Southern portions of Illinois were either similarly affected by the dust bowl 
or from severe soil erosion caused by poor management.   
Agrochemicals: 
Because the fundamental goal of pesticides’ is to be lethal, they are highly 
capable of causing adverse health effects in humans. This is achieved via both direct 
contact with the agents as well as indirect and inadvertent contact through consumption 
of surface or groundwater. Pesticide exposure is identified as the most serious human and 
environmental threats brought about by agricultural chemical use (Pretty, 1998). Rachel 
Carson’s 1962 book Silent Spring provided a watershed moment and a widespread 
introduction to the dangers of agrochemicals. Since 1962, pesticides have been detected 
not only in surface and groundwater of agricultural regions, but also in rainfall and in 
both human and animal tissues throughout regions of the world. Pesticide impacts are not 
isolated within a region of use but often cause significant adverse effects many miles 
from their point of origin. For example, the chemical Lindane was found in remote 
Japanese lakes that lack direct exposure to agriculture in their watersheds. The likely 
sources of this Lindane were Korea or China over 1,500 kilometers away (Anderson, 
1986 as cited in Pretty, 1996). The situation is similar in the USA with the use and 
dispersion of Atrazine. The risk of pesticide use arguably affects animal populations most 
dramatically. The Henry Wallace Institute has found more then 50 major studies 
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documenting the adverse effects of agrochemicals on animal populations. Another 
significant impact of pesticides is the effect of their overuse and their resulting target 
resistance. Over 500 species of insects, mites and ticks are now resistant to all commonly 
used insecticide groups, while at least 180 weed species and 150 fungi show resistance to 
one or more herbicide or typical fungicide (Pretty, 1998).  
 The use of pesticides or our contact with them has significant health and morality 
concerns. Both organophosphates and carbamates are a recent class of agrochemicals 
linked to significant health risks, with documented effects on neurological function and 
acetyl cholinesterase enzymes (Pretty, 1998). Researchers linked 10-30 percent of the 
illnesses reported by agricultural workers in Latin America to the effects of these 
chemicals, with additional 3,000-5,000 cases per year in the United States (Steenland, 
1996 as cited in Pretty, 1998). The World Health Organization estimates that between 3 
and 25 million agricultural workers are poisoned each year, with 20,000 associated deaths 
(Jeyaratnam, 1990; Pretty, 1995).  
Intensive livestock operations also contribute to health risks associated with 
industrial agriculture. Large-scale enterprises are linked to diseases such as Bovine 
Spongiform Encephalopathy, commonly known as Mad-Cow Disease, food system 
contamination and animal waste issues. Food safety and animal welfare garner 
international attention as outbreaks and/or food contamination have increased in 
frequency. The leaching and outright failures of manure storage facilities have heighted 
concerns over Escherichia coli contamination and drinking water quality. These 
cumulative impacts on soil, water, flora and fauna have significant ill effects on the 
broader environment and ecosystem as well. 
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Ecosystems: 
The impact of industrial agriculture is a considerably wide-ranging subject but 
due to the limited geographic consideration of this project, I have limited my focus to the 
impacts of agriculture on the Midwestern environment. In the region of the Dudley Smith 
Farm, landscape conversion, biodiversity, watershed function, water quality, erosion and 
climate are the pervasive ecosystem impacts under consideration.  
The conversion of landscape to fit the modern industrial agricultural method and 
economy has significantly reduced the availability of regional habitats and constituent 
ecosystems. This conversion not only erased many critical forms of habitat but factors 
such as drainage, erosion and chemicals fundamentally altered the remaining native 
habitats. Habitat loss and fragmentation contribute significantly to the loss of essential 
animal diversity. Given the comparatively unaltered state landscape ecology has 
frequently looked at rural land patterns to see the impacts on diversity and habitat. The 
drastic reduction in insect and animal biodiversity caused by habitat fragmentation or loss 
is exacerbated by agricultural practices such as pesticide use. An argument that industrial 
agriculture advocates promulgate is that modern industrial agriculture prevents additional 
acreages of non-productive, or marginal land to be placed into production. Nevertheless, 
with the increased demand for biofuels, especially ethanol, this may become a fallacy as 
increased rates of CRP land turnover and as marginal lands are planted into corn 
rotations.   
Monocrop systems and agribusiness have significantly eroded biodiversity within 
and outside of agriculture. This has become a critical issue as the diversity of cultivated 
plants and varieties has seen an 80-90 percent loss (Kimbrall, 2002). Because of this, 
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only nine crops (wheat, rice, maize, barley, sorghum/millet, potato, sweet potato/yam, 
sugar cane and soybeans) account for over 75 percent of the plants consumed by 
Americans. Such genetic erosion is a critical topic for researchers such as Alier, Ailtari, 
Gliessman, and Jackson, as increased dependence on genetically modified crops and 
animals has led to the genetic piracy from third world countries and business ownership 
or control of genetics and hybrids.  
Watersheds have also declined in diversity and function as chemicals, sediments 
and nutrients have become impediments to watershed health and function. Nearly 37 
percent of Illinois agriculture land is tile drained (Fausey et al., 1995). Drainage efforts 
over the past 90 years have destroyed 99.9% of Illinois wetland ecosystems (ILNRC, 
2000). Increased drainage leads to not only habitat loss, but also to broadly altered 
hydraulic cycles, causing increased peak stream flows that in turn augment flooding in 
downstream reaches. Drainage also requires most rural waterways to be repeatedly 
dredged or straightened, further altering the nature and function of a watershed. 
Agricultural drainage, as pointed out before, facilitates nutrient leaching and gulf coast 
hypoxia. Individual watershed impacts may be small, but the aggregated impacts produce 
dramatic threats. Overall, agricultural watershed contamination is a global issue much the 
same as climate change and greenhouse gas emissions.  
Agriculture is the dominant human land use pattern. As such, its contributions to 
atmospheric greenhouse gases have been significant. In 2001, agricultural sources 
accounted for 7 percent of the total United States greenhouse gas emissions (USDA, 
2001). The US EPA 2009 Greenhouse Gas Inventory Report found that in 2007, the 
agricultural sector was responsible for emissions of 413.1 teragrams of CO2 equivalents, 
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or 6 percent of total U.S. greenhouse gas emissions. Moreover, gasses such as Methane 
(CH4) and nitrous oxide (N2O) were even greater principle greenhouse gases emitted 
through agricultural activities. CH4 emissions, from enteric fermentation and manure 
management, represented 32 percent of total CH4 emissions. Of all domestic animal 
types, beef and dairy cattle were by far the largest emitters of CH4. Concurrently, 
agricultural fertilizer applications and other cropping practices were the largest source of 
U.S. N2O emissions, accounting for 67 percent of the total.  
 
Social and Economic Impacts: 
Much attention has been given to the decay of rural communities and the family 
farm in the past 25 years. This topic is commonly addressed in the studies of rural 
sociology. Bowler (1992) points out that industrial agriculture came in three phases 
starting in the 1890’s with mechanization followed by chemical farming in the 1950’s 
and the green revolution and food manufacturing in the 1960’s. The decline of rural 
communities and the social implications of industrialization began in the second phase 
but gained traction in the 1960’s. The impacts of the green revolution on the social capital 
of rural communities have been acute and hard felt. Quality of life, community, social 
classes and the farming legacy are key components to the social impacts of industrial 
agriculture.  
The Green Revolution’s quest for greater production encouraged simplification 
and centralization of all aspects of production and processing. As a result, fewer rural 
communities or families have direct contact with farm production, processing or 
associated agricultural industries. With fewer people making a living from the land, there 
 15 
is a steady decline in rural employment and services, including schools, shops and 
medical access (Pretty 1996). The decline of social networks of commerce, social groups, 
classes and industries have dramatically lowered the quality of life in rural areas as 
compared to that of 50 years ago.  
 As the quality of life declines so too does, social cohesion and identity associated 
with small farms and rural communities, reducing communities’ ability to address and 
manage difficult environmental or socioeconomic challenges that come with 
industrialized agriculture. Lobao’s (1990) study points out that Industrial agriculture is 
only good for yield production and little else and that we need farms that will be viable in 
the future, corresponding to local needs and functioning as part of the community 
structure. Pretty (1996) also highlights that on a per acre basis, small farms are more 
productive than their industrialized counterparts. The economic influences the family 
farm and small communities suffer under industrial agriculture include job losses, rural 
poverty and consolidation of the means of production.  
Job loss can be clearly linked to the decline in rural population. This is 
compounded by the fact that losses are mainly in primary job markets where employment 
is based on education or skilled labor, which typically provide upward mobility. The loss 
of these jobs leaves only the secondary job market available where work is menial; low 
waged and offers little economic advancement (Butler et al., 1992). As primary jobs 
leave rural communities and are replaced with secondary jobs, a community’s ability to 
support or afford higher, more specialized education falls, thereby reducing a 
community’s ability to draw in new businesses or services (Butler et al., 1992). Job losses 
and loss of social cohesion ultimately increase poverty rates. The USDA ERS (2004) 
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found that in 2002, 14.2 percent of non-metro rural populations were poor, compared 
with 11.6 percent of metro populations. This finding clearly underscores the poverty 
disparity in Rural America and the need for an equity and social investment.  
 As small farms grow or are bought out, their means of production are also 
consolidated, becoming all but endemic within industrial agriculture. Here in the 
Midwest, this manifests primarily as land and capital management. The shrinking number 
of farms and farm products per farm has increased persistently since the 1950’s. The 
main cause of such consolidation is product specialization; large farms are not simply 
replicas of smaller ones on a bigger scale. The economic realities that allow a farm to 
grow also force it to specialize in one or two crops or one animal species or life stage. 
Combining this with the cost of capitalizing a farm for multiple industrial operations the 
number of farms and those who farm have fallen away to relatively few. In example, by  
1950 there were over 6.5 million farms whereas today the number of farms hovers around 
2 million, a loss of over 50 percent (USDA ERS).  
Agribusinesses are also seizing control of many ancillary aspects of American 
agriculture. They have moved beyond specialization and standardization, turning 
independent decision makers (i.e. farmers) into contracted labor controlled from a 
boardroom (Ikerd, 2008). This is influenced by the fact that as a nation, we spend only 10 
percent of our income on food while the farmer retains less then 10 cents on the dollar 
with over half of that being paid to agribusiness for purchasing seed, chemicals, and 
nutrient inputs.    
The impact of industrial agriculture on our social and environmental systems 
(Table 1) clearly sets a precedent in agricultural for short-term gains at the expense of the 
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long-term interest of our communities and in natural capital. If farmers can no longer 
make our food cheaper and if rural communities have lost their means of economic 
viability, why should we maintain and continue to industrialize agriculture? Creating a 
sustainable agroecosystem that addresses the impacts and ills of industrial agriculture 
requires an understanding of agriculture’s potential sustainable framework. 
 
 
Table 1: The Impacts of Industrial Agriculture on Social, Economic, and Environmental Systems  
 
Sustainable Agriculture and Design Frameworks: 
 Since the 1940’s reactionaries to industrial agriculture like, Rodale, Bromfield, 
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Peiffer and Howards articulated the possible environmental and social harm that would 
come with industrial agriculture and advocated a sustainable ecological approach to 
agriculture. Considerable time and effort as been given to defining sustainable agriculture 
because of its undeniable and multiple connections to social, environmental and 
economic issues and innate interactions. Sustainable agriculture is rooted in a host of 
terms and practices that include: 
• Biological  
• Ecological  
• Regenerative  
• Organic 
• Biodynamic 
• Low Input 
• Agroecology  
• Permaculture
Each of these roots is a component of sustainable agriculture addressing different 
regions, scales and operations. However, they all share several traits including farming 
with environmentally sound and ecologically cooperative practices which conserve 
energy or reduce inputs yet remain stable and profitable. Each of the frameworks 
provides part of the approach for developing a sustainable agroecosystem plan for the 
Dudley Smith Farm. Agroecology, permaculture and regenerative agriculture each work 
at different scales and possess smaller degrees of overlap while defining the sustainable 
agriculture epistemology for the DSFMP. Sustainable agriculture combines with 
ecological design and sustainable planning methods to develop an interdisciplinary 
framework for the DSFMP.  
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Agroecology  
Over the last 30 years, agriculture witnessed the first signs of a re-emergence in 
land and human ethics labeled “Agroecology.” This re-emergence was, in part, brought 
on by understanding that there are social, environmental and physical barriers to 
industrialization of the agrarian landscape. Gliessman (1998) traced the agroecology 
thread to the first quarter of the twentieth century with the works of Klagel (1928) and 
Hanson (1939). The evolution of Agroecological thought is linked with a historical 
evolution of farming and agrarianism, but the term itself and its fundamental science 
dates only to the 1970s (Alteri, 1987), when agroecology and agroecosystems emerged as 
a framework (Francis, et al., 2003). Conway (1985) expressed the importance of basing 
agroecosystems and agroecology on an interdisciplinary analysis. 
Agroecology, loosely defined, incorporates ideas about a more environmentally 
and socially sensitive approach to agriculture, focusing not only on production, but also 
on ecological sustainability (Alteri, 1987). 
Recent perspectives on Agroecology define 
it as the study of the ecology of an entire 
food system (Francis, et al., 2003) and as 
the application of ecological concepts or 
principles to the design and management of 
sustainable agroecosystems (Gliessman, 
1998).  
The field developed along two 
major threads, one called ‘Hard-
Social 
Science
Enviro 
Sciences 
Agro-
ecology
Planners 
and 
Designers 
Expansion 
Ag 
Sciences 
Planners/ 
Designers  
Figure 1: Disciplines of Agroecology and potential 
use and expansion of planning and design fields 
into agroecology  
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Agroecology’ which focuses on understanding the mechanics of agriculture, its links to 
natural resources and our industrialized inputs (Dalgaard, Hutchings, & Porter, 2003). 
The second thread is called ‘Soft-Agroecology’ which uses a much broader view of 
agroecosystem structures and functions, addressing system mechanics as well as 
embracing human and societal empowerment. It further incorporates technological and 
cultural knowledge as a means of agricultural production (Dalgaard, Hutchings, & Porter, 
2003). Agroecology, at its core, focuses on a synthesis of the natural sciences of 
agriculture and ecology with social sciences such that a systems level development of 
sustainable agriculture can emerge (Francis, et al., 2003). Altieri (1987) lays out the 
concepts of designing a sustainable agroecosystem:   
• Agroecosystem conceptualization (Spedding, 1975 and Altieri, 1987) 
⋅ Purpose: Why is the system being established 
⋅ Boundaries: What are the system edges and constraints 
⋅ Context: The social, economic and ecological environment 
⋅ Components: The main constituents that form the system 
⋅ Interactions: The relationship between components 
⋅ Inputs: The  outside support resources 
⋅ Products or Performance: Desired outputs 
⋅ Byproducts: Useful system outputs 
• Conservation of renewable resources 
• Adaptation of crops to environment and system function 
• Reduction of energy resource use 
• Employ production methods that restore or maintain and restore homeostatic 
mechanisms conducive to community sustainability 
• Multi-use capacity of the landscape 
• Encourage local food and production systems 
• Reduce the cost of and increase farm efficiency and economic viability 
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• Mimic natural structural and ecological community profiles  
 
Permaculture & Regenerative Agriculture: 
Permaculture is the second suitable agricultural concept integrated into DSFMP. 
Permaculture, while originating from Agroecological theory, emphasizes responsibility of 
agriculture to society but also an equal measure to nature and landscape concerns 
(Mollison, 1988). The definition of Permaculture design (permanent culture) is a “system 
of assembling conceptual, materials and strategic components in a pattern which 
functions to benefit life in all its forms and requires that each component of a system 
should function in multiple ways and support other components” (Mollison, 1988). 
Typically, observation, boundaries, resources, evaluation, design, implementation and 
maintenance provide the basis for a permaculture system. Mollison’s permaculture design 
framework include seven methodological steps that pertain to the DSFMP. 
1. Observation:  providing an understanding of site function and internal 
relationships  
2. Boundaries: refers to physical, natural, energetic or cultural divisions   
3. Resources: including current community needs as well as their resource 
requirements for future generations.   
4. Evaluation:  as a careful phase taking stock of what you have at hand to work 
with.  
5. Design: as a creative and intensive process, and you must stretch your ability to 
see possible futures and synergetic relationships.  
6. Implementation:  as the groundbreaking part of the process where design is 
implemented.  
7. Maintenance:  directing and optimizing the designed system.  
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Emerging from the early stages of the green revolution and in response to the ills of 
the industrial revolution J. I. Rodale founded the Rodale Institute in 1947 to look for a 
means of producing healthy farms, foods and soils. Many of what are termed 
‘sustainable’ agricultural practices represents only small improvements in current 
methodology. At best, they may only impart a fleeting tinge of green to a deteriorating 
landscape, while Regenerative agriculture looks for a fundamental redesign. Regenerative 
agriculture became the preferred term of the Rodale Institute under Robert Rodale since 
the mid nineteen-eighties. Regenerative agriculture builds upon inherent ecological 
capacity to manage pests, enhance soil fertility, and increase productivity. In practice, 
regenerative agriculture is a low-input and organic farming system using organic 
fertilizers such as compost, and the planting of a variety of crops that utilize natural 
beneficial relationships. Recent studies by the Rodale Institute found that Regenerative 
Agriculture could greatly reduce carbon in the air and drastically modify climate change 
through cropping practices and farm management.  
Ecological and Collaborative Planning: 
Ecological Planning as cited by Frederick Steiner and Kenneth Brooks (2005) began 
with the passage of the National Environmental Policy Act in 1969, the federal 
government of the United States enacted numerous pieces of legislation intended to 
protect or conserve the environment. Ecological planning is a crucial discipline and 
methodology suitable for addressing preservation of our environmental resources and 
ecological recovery. Ecological planning seeks to understand the nature and character of 
the land or resource, encouraging appropriate use and management over the long term. 
The ecological planning process commonly includes seven steps: 
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1. Goal setting 
2. Inventory and analysis of data 
3. Suitability analysis 
4. Developing alternatives 
5. Evaluation 
6. Implementation 
7. Administration  
 
Ecological planning however cannot be used alone as a tool to develop Dudley Smith 
Farm Master Plan that positively interacts with its bioregion and truly addresses conflicts 
with industrial agriculture. Thus, collaborative planning is an additional framework 
incorporated into the overall process. Collaborative planning is an institutional approach 
to social, economic and environmental dynamics, pertaining to policy and planning 
activities (Healy, 2006). Focusing on the implications of governance or participatory 
governance in complex social relationships and are matters of collective concern (Healy, 
2006). The use of collaborative planning addresses and plans for social or environmental 
conflicts. For example, scenario planning is a form of participatory, collaborative work, 
as its purpose is not to predict or preempt the future, but to consider how the future might 
be different from the present. Scenarios allow stakeholders to create ordered 
understandings of their perceptions of the future (Swatrz, 1991). Ultimately, through the 
use quantitative and qualitative data, stakeholders build a logical, shared understanding of 
problems, goals and the potential solutions. This provides a fundamental goal for rural 
regions or rural/urban edges linking between environmental, agriculture and urbanization 
issues. 
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Ecological Design: 
Ecological design is the union of 
nature and technology, using ecology as 
the basis for design. Van der Ryn and 
Cowan (1996) define “ecological design 
as any form of design that minimizes 
environmentally destructive impacts by 
integrating design with living processes 
and that ecological design is the 
effective adaptation to and integration 
with natural processes.” Although this 
definition may vary, it retains the essential value of nature as a model with a respect for 
natural capital. Van der Ryn and Cowan also lay out five basic principles for ecological 
design. 
1. Everyone is a designer   
2. Make nature visible  
3. Design with nature 
4. Solutions grow from place 
5. Ecological accounting informs design  
The frameworks and knowledge basis of agroecology, permaculture and 
regenerative agriculture combined with collaborative planning, ecological design and 
landscape architecture, offer unique sets of the tools to create sustainable agroecosystems 
on the Dudley Smith Farm. Each discipline offers a relivant factor in the solution at a 
variety of scales on social or environmental fronts, given industrial agriculture’s negative 
impacts on a broad array of systems. Therefore, the planning and design of a sustainable 
Figure 2: Scales and framework capacities 
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agroecosystem requires multidisciplinary efforts and cooperation across social and 
environmental disciplines.   
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CHAPTER 3 
DUDLEY SMITH BIOREGIONAL DEFINITION & ANALYSIS 
 
With reference to the political boundaries, The Dudley Smith Farm is in 
southeastern Christian County in Pana Township, 35 miles southeast of Springfield 
Illinois, and 39 miles southwest of Decatur. The bioregional location of  DSF; however, 
is the most effective way to describe the location of the DSF from a sustainable planning 
framework. A bioregion is a unique region definable by natural boundaries with a 
geographic, hydrological and ecological character capable of supporting unique human 
and non-human communities (Thayer, 2003). Commonly bioregions are organized 
around watersheds and transcend political boundaries. 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Location Map
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Dudley Smith Bioregion:  
 The specific Dudley Smith Bioregion (DSBR) is an area bounded by the 
Sangamon South Fork and Lower Sangamon River Watersheds running from just north 
of Pana, Illinois northwest through Taylorville and Springfield to the confluence of the 
Sangamon and the Illinois River. The region is part of a larger hierarchical ecoregion that 
as defined by the U.S. Forest Service is located in the Prairie Parkland province of the 
Prairie division of the humid temperate domain. The DSBR also connects many similar 
hydrological, glacial, geological and social attributes. 
 
Figure 4: Dudley Smith Bioregion (DSBR) 
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Figure 5: Bailey Ecoregion Provinces 
 
Figure 6: Bailey Ecoregion Sections 
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Hydrological:  
The hydrological boundaries described above offer the most effective means of 
delineating a bioregion since they are hydrologicaly independent units bounded by fixed 
topography and each fitting into a nested hierarchy from the smallest to largest unit. The 
Dudley Smith farm falls on the crest between two HUC 12 watersheds, the Big George 
Branch watershed to the east and the Locust Creek watershed to the west. 
 The following map highlight select hydrological attributes:  
Figure 7: Hydrological features of the bioregion 
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Geology:  
Geological attributes from glacial bounds, glacial deposits, bedrock and soil 
origins reinforce the differences between ecoregions and create additional descriptors to 
help understand and identify the DSF bioregion. Geologic conditions had a significant 
influence on the development of all regions in Illinois. Glacial events specially 
rearranged the landscape, changed river flow paths and resulted in the wind blown 
deposition provideding the base for the rich Mollisol soils of the prairies and Alfisol soils 
of the woodlands.  
The following maps highlight select geological attributes: 
 
Figure 8: Quaternary epoch deposits 2.58Ma to Present  
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   Figure 10: Soil origin associations 
 
Figure 9: Glaciation event boundaries 
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Sociological:  
 Social factors can commonly be the most apparent of all bioregional factors. 
Social attributes describe the similarities, differences and links among communities of a 
bioregion. The primary groups who will be affected by the development of a sustainable 
agriculture framework and program for Dudley Smith Farm are farmers. Therefore, the 
focus of social attributes is the rural population of the bioregion with the primary data 
source being the USDA Ag Census. The USDA NASS defines the census mission as:  
“The Census of Agriculture, taken every five years, is a complete count of 
U.S. farms and ranches and the people who operate them. The Census 
looks at land use and ownership, operator characteristics, production  
practices, income and expenditures and many other areas.”  
Unlike the US Census, the Census of Agriculture is aggregated by county. The Census of 
Agriculture allows a classification of the DSF bioregion into a cross section of farm 
typologies, sizes, practices, crops, and livestock. The following maps highlight select 
attributes.  
The following maps highlight select social attributes: 
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      Figure 11: USDA Agriculture Census 2002 percent of family of owner operator farms 
 
       Figure 12: USDA Agriculture Census 2002 average farm size 
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        Figure 13: USDA Agriculture Census 2002 age of primary farm operator  
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CHAPTER 4 
METHODOLOGY & PROCESS 
 
Dudley Smith Farm Scenario Planning Workshop 
 The Dudley Smith Farm and any potential master plan cannot exist in isolation; 
rather they include several primary stakeholder groups. In our case, these groups include 
the University of Illinois faculty and staff, the Dudley Smith Board, University of Illinois 
Extension and especially the local Christian County Extension Office. Traditional 
planning is based on the belief that the application of pure professional expertise to 
achieve well-defined goals will ensure efficient and effective management of a system. 
However, such plans often fail to consider the variety of local conditions or the 
propensity for novel situations to create extraordinary surprises (Scott, 1998). This is the 
case with industrial agriculture, characterized by top down expert driven planning for 
production systems. There has been little ability within industrial agriculture to predict or 
recognize drawbacks, to create novel approaches, or allowing for integrated decision-
making. A traditional expert driven industrial approach is not the ideal tool to develop a 
future orientated master plan for the DSF. A more non-conventional alternative, 
collaborative and scenario planning approach is a better strategy to address, explore and 
engage the complex futures, uncertainties and novel possibilities for the DSF.  
  
Scenario planning is a systematic method for thinking creatively about possible 
complex and uncertain futures. The central idea of scenario planning is to consider a 
variety of possible futures that include many of the important uncertainties in the system 
rather than to focus on the accurate prediction of a single outcome (Peterson, et al., 
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2002). More broadly, scenario planning is used to anticipate and explore environmental 
or human effects of trade, agriculture, forestry, and land use policy – including climate 
change and biodiversity loss. Future-oriented studies or scenarios include trend analyses, 
prognoses, forecasts, variant analyses, sensitivity analyses, or snapshots of what may be. 
Scenario types include: 
• Forecasting: Scenarios based on current trends 
• Backcasting: Proposed futures contrasted by the present  
• Prediction: Best possible estimate  
• Projection: Best Assumption based a set of drivers for example: if this, the what  
• Normative Scenario: Formulated to embody a hypothesis about a landscape future 
• Prospective Scenario: what a future could be/ what might be a desirable future 
This study used a participatory, backcasting scenario planning study to addresses the 
question of how different demands on the Dudley Smith Bioregion could be identified 
and how the impacts of landscape demands or externalities may affect the region. 
 
The Dudley Smith Scenario Planning Workshop (DSPW) as envisioned allows 
stakeholders to address and filter potential complex interactions between various events 
and outcomes that DSF and DSBR face or need, as well as creating indicators and metrics 
to assess impacts a scenario may have on a region. The DSPW adopted the following 
operating definitions: 1) Scenario: Different possible stories or alterative assumptions for 
the future (Nausser, 2006); 2) Scenario Planning: Systematic and systemic methods for 
thinking creatively about complex uncertain futures. (Peterson et al., 2003); 3) 
Backcasting: Where a set of potential future scenarios were proposed and participants 
developed metrics and indicators comparing how a scenario would affect the region as 
compared to the status quo.  
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The DSPW worked with expert stakeholders from the University of Illinois ACES 
College with representatives from four broad disciplines; Social, Environmental, 
Economic, and Agricultural Production.  
 
Expert Stakeholders Public Stakeholders 
University of Illinois ACES Faculty  Christian County Farmers 
University of Illinois Extension  Taylorville Local Government 
Dudley Smith Farm Advisory Board Pana, Il Local Government 
Table 2: Stakeholder Groups 
  
Social Economic/Production  Environment 
Dr. Bryan Enders 
Dr. Courtney Flint 
Deborah Cavanaugh-Grant  
Gary Letterly 
Dr. Wesley Jarrell 
Dr. Emerson Nafziger 
Dr. Dan Faulkner 
Jack Erisman 
Dr. Luis Rodriguez 
Dr. Michelle Wander 
Dr. Richard Cooke 
Daniel Anderson  
Table 3: Selected list of stakeholder  
 
The expert stakeholder workshop was held on the University of Illinois Campus 
in early October, 2008. We introduced stakeholders to the research problem and to their 
role in the development of a sustainable master plan for the Dudley Smith Farm. We 
divided participants into two groups, each with a facilitator. We supplied each group with 
two backcast scenarios along with relevant rubrics to indicate impacts of scenarios by a 
set of indicators (Rubrics from the meeting can be found in Appendix B). The baseline 
and four scenarios introduced follow:  
Baseline Scenario: Status Quo  
Current conditions, prices and systems on average remain the 
same for the next 10 years. How will this future affect the primary issues 
within agriculture and the region’s ability to sustain it self and what 
would the Dudley Smith farm look like as an example site? 
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Scenario 1: Peak Energy 
Oil and natural gas reserves and production have peaked and 
access to these traditional energy sources forces prices for energy to 
double (based on fall 2008 prices). Bioenergy alternatives have struggled 
as net return has reached a technological ceiling providing only 25% of 
our needs. Energy costs have reduced global trade of many common 
commodities by one third. How will this future affect the primary issues 
within agriculture and the region’s ability to sustain itself and what would 
the Dudley Smith farm look like as an example site?  
 
Scenario 2: Environmental Stewardship  
With the crisis of climate change and environmental degradation 
new policies have instituted strong top down regulations for 
environmental protection. Policies are measured at various shed levels. 
These polices include TMDL for nitrogen, phosphorus, sediments and 
chemical contaminants, carbon cap and trade systems and atmospheric 
CO2 and NOx emissions regulations. How will this future affect the 
primary issues within agriculture and the region’s ability to sustain it self 
and what would the Dudley Smith farm look like as an example site? 
 
Scenario 3: Regionalization  
Energy costs have increased and communities now realize the 
importance of energy, farmland and water resources, planning for 
regional protection and utilization of resources has increased. Farmland 
along urban fringes and within 15 miles of urban fringes areas is of 
significant importance for watershed protection and food/resource 
production. How will this future affect the primary issues within 
agriculture and the region’s ability to sustain itself and what would the 
Dudley Smith farm look like as an example site? 
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Scenario 4: End of Subsidies  
Reform of agricultural subsidy programs and has resulted in a 
subsidy shift. Single farm payments for compliance to regionally specific 
environmental or production standards have replaced government 
intervention into internal market prices and subsidies for specific crops 
and biofuels. How will this future affect the primary issues within 
agriculture and the region’s ability to sustain itself and what would the 
Dudley Smith farm look like as an example site? 
 
A facilitator introduced each scenario, participants were then given a few minutes 
to ask and clarifying questions, interpret any details about the scenario, and setup the 
group ground rules. After the scenario introduction, each group were given a rubric, for 
four categories of potential impacts and issues: social, economic, environment and the 
Dudley Smith Farm. Rubrics weighed the effects of a scenario against the baseline status 
quo. We pre-seeded rubrics with key issues such as per farm income, rural population, 
infrastructure, biodiversity, and water quality or greenhouse gas emissions. The 
participants added further issues as they saw fit or if a facilitator found that adding an key 
issue would allow for greater clarification or understanding. The impacts a scenario had 
on each issue developed was discussed and tested among the meeting participants after 
which a positive, negative or neutral impact on each issue was determined. For each 
issue, a and impact metric was developed by participants as a means of testing future 
designs, program decisions and the impacts of the Dudley Smith Farm master plan on the 
Dudley Smith Bioregion. The Dudley Smith planning workshop outcomes included the 
assessment of critical trends in agriculture across four potential futures for the Dudley 
Smith Bioregion, the key issues and themes in the Dudley Smith Bioregion per scenario; 
and a set of metrics to asses the Dudley Smith Farm mater plan. Following the Dudley 
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Smith planning workshop, we conducted follow up interviews with participants as well as 
interviews with additional stakeholders who were unable to participate in the workshop 
but who held valuable insight such as members of the Dudley Smith Advisory Board and 
those with particular subject matter focuses such as rural sociology. 
 
Illinois Farm Sustainability Calculator 1.2.3 (IFSC) 
The Illinois Farm Sustainability Calculator (IFSC) is an open-source Microsoft 
Excel spreadsheet designed to evaluate the sustainability of any farm, real or envisioned, 
in the state of Illinois. However, this hypothetical Illinois’ only limitation is based solely 
on the integration of soil type and the effects of soil type on crop yield. Thus, IFSC could 
be adapted for a Iowa, Wisconsin or even a South Dakota farm by adding soil types and 
records for crop yields based on soil types and county names. Such information is 
typically provided by NRCS soil survey data. The primary IFSC components include 
calculations for yield, animal production, energy calculator and greenhouse gases. IFSC 
also calculates balances for nutrients, feeds, crop and animal production, energy 
consumption and production, greenhouse gases, and rudimentary nitrate runoff estimates. 
As a primary author of the IFSC model, an expanded version was developed and tailored 
to meet the needs of the design and assessment of the Dudley Smith Farm by adding 
model components to handle orchard crops and farm economic assessment. 
 The Illinois Farm Sustainability Calculator programming consists of 169 
integrated and linked spreadsheets, of these, 65 are user interface sheets. Each interface 
sheet allows users to enter data regarding a farm’s location, size, water source, tractor 
fuel, home energy use, photovoltaic power, wind turbines, methane capture, past crops, 
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current crops, soil types, erosion, slope, tillage practices, fertilizer, distance to markets, 
tile drains, wetlands, types of animals, feed rations, types of barn lighting, ventilation and 
insulation. IFSC models 39 field crops, 30 forage crops, 36 orchard crops, 16 animal 
species and 55 life stages within those animal species. The choice of potential variables 
exceeds those currently comprising current Illinois practices where 90% of all 
agricultural land is planted with only three crops (corn, soy and wheat). Expanding the 
ability to choose possible farm crops and animal species is part of the decision-making 
capacity of IFSC, which allows users to explore multiple variants and adaptations for a 
farm. As a user inputs data IFSC determines a series of balances, which act as indicators 
of sustainability. These balances include:  
• Acreage: did the farm use more acres than it has to work with?  
• Energy: is a farm a net consumer or producer of energy? 
• Greenhouse gases: is the farm emitting or sequestering more greenhouse gases? 
• Crops: is the farm importing or exporting more food and feed? 
• Nutrients and manure: is the farm importing or exporting nutrients? 
• Nitrate: how much nitrate is the farm allowing to escape downstream? 
• Economics: are there positive or negative net gains and what is the earning 
difference between organic and typical market price points? 
 
For the purposes of a sustainable master plan development for Dudley Smith Farm 
the Illinois Farm Sustainability Calculator was utilized as a means to compare scenarios 
and evaluate potential plans through a systems approach. We tested multiple models and 
iterations of the DSF to create an optimal reference set and snapshots of sustainable 
models for DSFMP. DSF modeling is addressed in Chapter 6 and in Appendix C.
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CHAPTER 5 
DUDLEY SMITH FARM MASTER PLAN 
 
The Dudley Smith Farm was donated to the University of Illinois with the intent 
that it should be used “to understand the interactions among the components of the 
agricultural in its communities, natural resources, economic base and social elements, the 
Dudley Smith Initiative intends to make agriculture sustainable over the long term.” This 
mission requires that new adaptive models of regional agriculture be explored through 
collaborative research and learning. Developing a master plan for the DSF to become an 
immersive center for sustainable agriculture requires not only agricultural knowledge but 
also the contributions of planning and design disciplines. Each disciplinary approach was 
informed through an assessment of the region’s needs and resources, while collaboration 
with stakeholders addressed potential future challenges within agriculture. The themes, 
metrics and goals developed by stakeholders define the final DSFMP design criteria 
Social  
Themes 
Economic/Production 
Themes 
Environment 
Themes 
Rural Population Small farm viability  Watershed health 
Urban/Rural Interface Farm products diversification Greenhouse gas emissions 
Control of farm base Urban rural connections Farm energy use 
Opportunity structure Environmental Credits Biodiversity 
Farming Legacy Farm management subsides Soil Conservation 
Table 4: Major stakeholder themes  
Social  
Metrics 
Economic/Production 
Metrics 
Environment 
Metrics 
Total Rural Population  Reversal of current trends 50-75% less N & P 
Farm compatibility to edge  On farm value added goods  Carbon balance/neutrality 
Owner operators  Improved intra regional trade Production & conservation  
Jobs/employment  Increase income per acre Habitat and biodiversity 
New farms or farmers BMP based subsidies  Soil building/erosion mangt. 
Table 5: Metrics for major stakeholder themes 
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Based on the DSPW themes and metrics stakeholders design goals can be amended to 
fundamental sustainability objectives creating eleven Dudley Smith Farm design goals.  
Dudley Smith Farm Design Goals: 
1. Multiple farm Scales/opportunities 
2. Create employment opportunities 
3. Create novel opportunities to teach farming 
4. Multiple crop and animal systems 
5. Incorporation of  Farming BMP  
6. Produce all energy needed for farm operations  
7. Sequester more carbon than it produces.  
8. Produce all feeds needed for animal production  
9. Import no nutrients  
10. Reduce nitrate runoff by 75%  
11. Be economically viable   
 
The process instituted for the 
development of our DSF 
sustainable master plan is 
diagramed in Figure 14. As 
illustrated, bioregional analysis 
defined the region, while 
stakeholder input identified 
critical trends, themes and metrics 
for the Dudley Smith Farm 
Bioregion, which when combined with the Illinois Farm Sustainability Calculator, create 
the foundations of our DSF master plan. The three initial phases: analyses, collaboration 
Figure 14: Project Process Diagram 
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and development of IFSC laid the foundation for the planning and design phase of the 
DSFMP. Planning and design phases consist of systems development for site programs, 
technologies, production modalities and site suitability analyses. Systems development 
was created through the arrangement of system components and assessments of 
sustainability.  
Site Program 
The DSF program, based 
on the stakeholder themes and 
project goals, seeks to create a farm 
where a variety of scales of 
learning, farming and research are 
fostered. A nested hierarchy of 
three farm types allows research to 
address many central themes and 
metrics as well as providing for the 
widest variety of hands-on learning 
opportunities or systems.  
 The three nested farms 
consist of a 10-acre edge or hobby 
farm, a 40-acre starter farm and a 226-acre production farm. Each farm is an independent 
unit assessed against stakeholder metrics and IFSC modeling. The 40-acre and the full 
226-acre farms include all attributes of each smaller component farm. The 40-acre and 
226-acre farms include a “homestead” as a central living and teaching building, capable 
Figure 15: DSFMP Farm scales and locations 
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of housing nine full time residents for a semester or a year. The site program must also 
meet the research needs of a land grant institution while incorporating permanent 
technological components as well as alternative production systems which allow for the 
broadest array of sustainable production modalities to be available for research.  
Technologies & Operations Systems 
 Since the DSF is inherently a research farm, the DSFMP must incorporate 
alternative technologies and opportunities to study multiple management practices. The 
plan not only strives to create a sustainable system but also follow the land grant research 
directives. Many promising components of the “green revolution’s” agricultural 
technologies were not based on a whole ecosystem approach (Altieri 1987) leading to 
many failures and negative externalities. Incorporating new technologies with a whole 
systems approach create an agroecosystems that can eliminate negative environmental 
externalities while capturing many site and operational efficacies.  
Altari, Molisison, Edwards, Lal and others wrote extensively on the topic of 
integration and the need for sustainable technological systems, which we used as a basis 
for this project. The development and introduction of new technologies and practices that 
has originated across the disciplines of sustainable agriculture mush be studied and 
further developed using a whole systems approach. These areas of development are 
highlighted in Table 6 that in large part was taken from a discussion presented by Migual 
Alatri (1987) in Agroecology the scientific basis for sustainable agriculture.   
Photosynthetic Efficiency Technologies or Practice Applied to 
DSFMP 
 Genetic selection for natural efficacy   
 Plant or plant system architecture X 
 Plant or plant system growth period X 
 Hormonal stimulation of photosynthesis  
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Environmental   Technologies or Practice Applied to 
DSFMP 
 Wind pattern modification X 
 Sheltering X 
 Soil Temp Control: Mulching X 
 Greenhouse Gas Management/Capture X 
 
Soil Management Technologies or Practice Applied to 
DSFMP 
 Minimum or reduced tillage X 
 Use of manure, composts or cover crops X 
 Biological N2 fixation fungi or bacteria  
 Crop selection for soil character  
 
Water Management  Technologies or Practice Applied to 
DSFMP 
 Mulching or cover control X 
 Drip or reduced irrigation X 
 Windbreaks X 
 
Pest Management  Technologies or Practice Applied to 
DSFMP 
 Parasite and predator population   
 Microbial or botanical insecticides  
 Integrated pest management  X 
 Mechanical or fire management  
 Plant or system diversity (co-planting) X 
 Tillage, spacing, rotation or field hygiene X 
 
Energy  Technologies or Practice Applied to 
DSFMP 
 Farm scale energy production systems X 
 Building efficacy: heating, cooling, materials X 
 Non feed/food biofuel crops X 
 Integration of waste stream capture and reuse X 
Table 6: Technologies for a sustainable agroecosystem in an agroecology frame 
 
Technological Components:  
Cogeneration: Is defined as the production of both heat and electricity. On the DSF, 
Miscanthus biomass or methane from manure digestion would be burned in a micro-
turbine. Micro-turbine technology is the key aspect to converting either biomass or 
methane waste from farm operations to electrical energy an exportable farm product. 
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Onsite or local generation of power dramatically reduces inefficiencies of grid 
distribution.   
 
Wind/Solar: Both photovoltaic and wind based power generation are proven technologies 
and are critical elements of integrated power generation and independence for the DSF 
when combined with cogeneration and micro-turbines.   
 
Algae: Waste to energy or even waste to fuel is a major realm of research and 
development. Algae on the DSF is an oil crop that can be used as a rapid resource 
recovery of animal waste nutrients to an oil which is suitable for biodiesel. Dennis 
Bushnell chief scientist at NASA’s Langley Research Center (as cited in Hodge, 2009) 
states that biofuel from algae is an extremely practical fuel source from a production 
standpoint. The refining process for algae is much simpler and less expensive than the 
current process for refining vegetable oil since Algae lipids are, 30%–60% oil. A 
Department of Energy research station in New Mexico, was able to produce up to 50 
grams of algae per square meter per day, using a native algae species that naturally took 
over the experimental ponds. This might be enough to yield as much as 6,800 gallons of 
oil per acre if sustained for a year, 11 times more than any other biodiesel crop including 
palm oil (Hodge, 2009).  
For the DSF the algae could be raised on post digested biosolids such that the farm 
would be able to produce 100% of the fuels needed for farm operations. The only 
drawbacks to algae are the cost in energy to transport it for processing into a fuel and the 
energy costs if artificial fertilizers are used. This becomes a major constraint in the 
development of a sustainable master plan and quantitative IFSC assessment. The final 
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solution was that algae to biodiesel conversion would have to be a localized or highly 
distributed network. The obvious benefit would be the development of new industry and 
employment opportunities within the bioregion. Algae also has the potential to be raised 
as part of a nitrogen management program and harvested as both a fuel source and/or a 
biological fertilizer.   
 
Methane Digestion: Management of greenhouse gases (GHG) from animal wastes was a 
crucial part of having a balanced GHG budget as part of the DSFMP. Methane (CH4) and 
nitrous oxides (N2O) are 25 times and 298 times more harmful then CO2 as a GHG. 
Stored manure liquids and slurries decomposed anaerobicaly produce large volumes of 
gas. This gas is often referred to as biogas. Biogas contains between 60 and 80 percent 
methane (about 600-800 BTU/ft
3
) and is considered a renewable energy resource (US 
EPA, 1996). Digestion of manure is the only technological means that allows methane 
gas to be harvested as an energy feedstock. In the IFSC modeling of the DSF, much of 
the methane captured through digestion is used in payment for the processing of algae to 
biodiesel. However, for digestion, the inclusion of a free-stall barn is required and partial 
confinement of animals for a portion of a day or a life stage is required since all manure 
deposited in the pasture is essentially lost as a resource and the GHG emitted from its 
decomposition remains unmitigated but is significantly less than animal wastes stored in 
lagoons.  
Living Machine/Eco-Machine: Biological treatment of organic rich wastewater is 
considered as a technique to treat human and animal wastes or slurries. Living 
Machine/Eco-Machines are designed to mimic the cleansing functions of wetlands, rivers 
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and ponds (Todd 2007). They are intensive bioremediation systems that can also produce 
beneficial by-products such as food, ornamental or aquatic crops including fish and 
mussels.   
Production Systems: 
Stacked Systems: Polyculture planting systems are a human created analog of natural 
communities (Jacke, 2005) that either integrate or stack multiple plant species or 
production systems. Polyculture assemblages of cultivatable and companion species 
maximize production per acre supporting high productivity of diverse species to provide 
food, fodder, fiber, raw materials and medicinals. For the DSF, polyculture systems are a 
possible means of ecological health and diversity in the productive landscape. Research 
on interconnections and full utilization of environment and landscape niches provide 
opportunities for small farms and resource management.  
 
Bioreactor: Are vessels in which chemical process are carried out a involving organisms 
or biochemically active substances. Under optimum conditions, microorganisms or cells 
reproduce at an astounding rate (Williams, 2008). Bioreactors when calibrated correctly 
can allow microorganisms or cells to perform their desired function with 100 percent rate 
of success. Bioreactors are an optimum system for algae production since reactor systems 
provide maximum control and the smallest footprint for intensive production.  
 
Operations/Cultural:  
Agricultural Wetlands: Two of the most significant agricultural non-point source 
pollutants are nitrogen and phosphorus. Nitrogen enters surface water systems through 
seepage and lateral flow primarily as N03-N. Phosphorus enters surface water systems in 
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both dissolved and particulate form (Kovacic 2000). A large portion of N and P now 
entering US freshwater and marine ecosystems are nonpoint diffuse nutrients attributed to 
agricultural and associated land use practices (USEPA 1989,1990b as cited in Kovacic 
2000). To address the export of nitrogen from agricultural systems to downstream 
watersheds constructed wetlands should be established to intercept drainage and promote 
natural denitrification. “Wetlands developed as part of that farm at a ratio of at least 20:1 
of wetland to watershed have the capacity to capture approximately 40-50% of the inflow 
N” (Kovacic 2000, 1273).  
 
Tillage: Conservation tillage whether it be no-till/strip-till, ridge-till and mulch-till fit the 
bill. These practices are seen as the vanguard for soil erosion management reducing 
erosion over intensive tillage by 90%. Christian County is a region of the Corn Belt that 
still widely employees more intensive tillage methods according to the Christian County 
NRCS county coordinator thus conservation tillage combined with cover crops will alter 
the status quo of the typical farm of the region.  
 
Pasture/Paddocks: Currently paddocked pastures are integrated into the DSF site 
program continuing this practice is a part of the carbon sequestration and nutrient 
management program. Intensive paddocking improves grazing performance. This allows 
ruminants to maximize forage crop utilization per acre reducing acres needed per animal 
unit.  
 
Suitability Analysis: 
Suitability analysis is a process of determining the fitness of a specific landscape 
condition to support a well-defined activity or land use (Steiner, 1991). Suitability 
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analysis, was prominently advanced by Ian McHarg and over the last thirty years has 
become accepted as a comprehensive and rational approach to landscape planning. The 
basic premise of suitability analysis is that each aspect of the landscape has intrinsic 
characteristics that are to various degrees either suitable or unsuitable for the activities 
being planned, and that these relationships can be revealed through detailed evaluation 
and assessment (Marsh, 1998). Suitability analysis that assesses multiple factors can help 
define the bioregion. To site the DSF programs and technological elements, primarily 
watershed, topographic and soils data were used in the suitability analysis. Suitability 
analysis played a role in the planning and placement of pastures, row crops, wetlands, 
infrastructure, perennial crops and orchards. Examples of the suitability analysis can be 
found in Figures 16 – 17 and all suitability analysis mapping is in Appendix D.  
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Figure 16: Suitability analysis for site program and building development 
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Figure 17: Suitability analysis for siting pastures
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Figure 18: Feasibility and suitability analysis as site transect
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Figure 19: 10 Acre farm landuse by % of farm
10-acre Hobby Farm  
The 10-acre farm was developed to 
confine its operations within a single 
HUC 12 watershed and be compatible 
with urban edge conditions. 
Production on this size farm focuses 
on a mix of perennial and annual 
crops as well as small ruminants or 
poultry in permanent pastures. This 
farm must also meet the seven design 
goals and six sustainability goals laid 
out previously in this chapter. 
Assessment of this farm to meet both 
the project goals and DSPW metrics is 
explored in depth in chapter six. 
 
 
 
 
 
 
 
 
Figure 20: 10 Acre farm plan view blowup
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40-acre Starter Farm 
The 40-acre farm builds on the 
10-acre farm system with the additional 
30 acres allotted for annual vegetable 
production and forage/pasture 
supporting 15 animal units in total. 20 
percent of the farm is also allotted to 
row crop production to meet winter 
feed/fodder needs for herd maintenance. 
Twice as much energy is produced than 
is needed for farm operations. Excess 
energy is sold to the grid at wholesale 
and accounts for five percent of the 
farm income. This farm also must meet 
the seven design goals and six 
sustainability goals laid out previously 
in this chapter.  
 
 
 
 
 
 
Figure 21: 40 Acre farm landuse by % of farm
Figure 22: 40 Acre farm plan view blowup 
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226-acre Production Farm 
The full 226-acre production 
farm was developed to act as an analog 
for an average family farm holding for 
the region. Here again the 226-acre 
builds upon the components of the 10-
acre and 40-acre farm scales. There is a 
larger portion of the land allotted to 
pasture and row crop plantings. This 
system also supports a 115 animal unit 
livestock component. The increase in 
livestock requires additional animal 
housing facilities and additional waste 
to energy management systems. As with 
the 40-acre farm twice as much energy 
is produced as is needed for farm 
operations. Over-produced energy is 
sold to the grid at wholesale and 
accounts again for only five percent of 
farm income. This farm must also meet 
the seven design goals and six sustainability goals laid out previously in this chapter. 
 
Figure 23: 226 Acre farm landuse by % of farm
Figure 24: 226 Acre farm plan view blowup
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Figure 25: Dudley Smith Farm Master Plan for the 226 acre site
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Figure 27: Birds Eye View of Master PlanFigure 26: Site Development 
Diagram Sections 
Figure 27 A: Birds Eye View of Propos d lan
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Figure 27B: Annotated Birds Eye View  
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Figure 28: Homestead model 
 
 
Figure 29: Homestead use diagram and floor plan 
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CHAPTER 6 
METRICS & SUSTAINABLE FARM MODELING ASSESSMENT 
 
 This chapter assesses the success of the Dudley Smith Farm Master Plan in 
meeting its sustainability objectives and addressing the critical issues, themes or 
capacities developed by stakeholders. The Illinois Farm Sustainability Calculator was the 
principle means of assessing sustainability, environmental and economic aspects of 
DSFMP. The IFSC model also addressed several metrics developed as part of DSPW as 
well as metrics related to the six fundamental sustainable agriculture goals. Relating 
specific aspects or program capacities of DSFMP to issues and metrics is the second 
means of assessment; this second means is integral to the design process and is a 
subjective means of assessment.  
 We used The Illinois Farm Sustainability Calculator as part of the design process 
to test alternative land allocations, cultural practices, efficiencies, stocking rates and 
economic impacts. As previously discussed, each hierarchical farm scale builds on the  
one below it. The modeling was conducted in such a manner as to include all land 
allocations and stocking rates that were necessary to reflect the compounding nature of a 
particular farm scale. It is important to note that in some cases due to a limit of ten “field” 
input sheets that in the 40 and 226-acre farm IFSC modeling, a reduced the variety of 
vegetable crops are produced compared to the 10-acre farm, but the total acreage allotted 
to produce is consistent. The following is a short discussion of the farm modeling results. 
Appendix C contains a CD containing the IFSC model and copies of all final models 
created for the master planning process.  
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Dudley Smith Farm Baseline:  
 Modeling the Dudley Smith Farm to establish a baseline condition was the first 
IFSC analysis completed and it supported many of the arguments pointing out the overall 
inefficacies of industrial agricultural systems. The DSF currently exports only corn, 
nitrogen and greenhouse gases while it imports significant amounts of energy and 
nutrients. The system is productive based on the corn yield and has a positive net income. 
However, the impacts of greenhouse gas emissions, nitrogen export and the sociological 
effects of this farm scenario would suggest that they far outweigh the marginal net 
economic and corn yield productivity of this system.  
 The Dudley Smith Baseline model also sets benchmark levels necessary for 
developing the Dudley Smith Farm Master Plan. Sustainability goals for a 75% reduction 
in nitrogen export were determined from that baseline. It was estimated that DSF 
currently exports 13,064 pounds of nitrogen into the watershed yearly. Therefore, the 
minimum required reduction in nitrogen is 9,800 pounds or a maximum export of 3,200 
pounds.  
 The baseline farm currently uses 1,231 MBtu to produce 91 tons of C02 equivilant 
gases, produces approximately 1.4 millions pounds of feed combined with 13,064 pounds 
of nitrate-N released to surface waters and produces a profit of 97.71 dollars per acre with 
non-organic price point crop and livestock sales.  
The baseline model results demonstrate that the DSF is not sustainable as defined 
by the specifications of this study, meeting only two of the six fundamental sustainability 
goals: 1. be economically viable (however this is arguably not the case based on an over 
all energy balance) and 2. produce all feeds onsite.  
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Table 7: Dudley Smith Farm baseline IFSC balance
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10-Acre Edge Farm:  
 The 10-acre farm, as highlighted before, is an analog for an edge or hobby farm. 
The two challenges addressed at this farm scale were the production of liquid fuel sources 
and economic viability. The net results of the farm model showed that in fact, this farm 
could produce more energy than it used despite of having to import biodiesel. Biodiesel 
was used for farm operations because it was not only a renewable fuel but also had a 
lower energy value on a per gallon basis when compared to petroleum-based diesel. 
Thus, any deficits would represent a worse case import volume. This model incorporated 
a single 1.9Kw wind turbine. Within the DSBR there are current plans for industrial scale 
wind farm using 1.5-megawatt turbines. Thus, including a wind turbine is based more on 
regional trends than personal judgment. Net metering was also assumed for all scenarios.  
 The edge farm results demonstrated that smaller farms will not have the energetic 
capacity to export crops over long distances and in this case, the foodshed radius was set 
at 7.5 miles for produce crops, 10 miles for orchard crops and 32.5 miles for biomass 
processing. Further distances could have been supported as long as net energy production 
out-weighed energy use.  
 The 10-acre farm imports 0.75 tons of grains for overwintering animals, 
indicating that a 10-acre farm scale would have tied into a broader network of regional 
agriculture. This farm also operates on the smallest profit margins. The 10-acre farm 
produced an excess of 351 MBtu of energy, sequestered an over all 1.7 tons of C02, 
produced 44,485 lbs of surplus feed, exported 65 pounds of nitrate-N and produced a  
$ 485.01 per acre income with non-organic sales and operation and a $ 2,997.03 per acre 
income with organic sales and operations.   
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Table 8: Proposed 10 acre edge farm IFSC balance
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The following figures represent the 10-acre farm gross income and the percent of each 
dollar earned per farm product group. The difference between organic and non-organic in 
the IFSC balance and here is not the difference between sustainable and unsustainable 
farm design or practices but is solely the difference in market prices of goods sold and the 
opportunity costs for operating as an organic farm. 
 
Non‐organic Gross Income  
As Percent Per Dollar 
Produce   55.24%
Grain   0.000%
Forage/Fodder  0.99%
Orchard  31.86%
Livestock  2.98%
Energy Export  8.94%
Carbon  0.12%
Table 9: Gross income as percent of  
each dollar of sales per major farm  
operation bases on non-organic sales  
and farm operations 
 
 
Organic Gross Income  
As Percent Per Dollar 
Produce   57.06%
Grain   0.00%
Forage/Fodder  0.78%
Orchard  32.07%
Livestock  4.95%
Energy Export  5.14%
Carbon  0.7% 
Table 10: Gross income as percent of 
 each dollar of sales per major farm  
operation bases on organic sales  
and farm operations 
 
 
Figure 30: Proportion of per dollar non-organic gross 
income
Figure 31: Proportion of per dollar gross organic 
income 
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40-acre Starter Farm:  
 The 40-acre starter farm operates at a scale where all design and sustainable 
agriculture criteria can be satisfactorily achieved. The results of this model indicate that 
this 40-acre farm has the capacity to both balance the need for production of feeds, cash 
crops, livestock and energy. One third of the produced biomass is consumed by livestock 
yet there is a feed surplus of 118,207 pounds. The energy requirements for farm 
operations are met while producing a net energy surplus of 290 MBtu. This surplus is 
primarily attributed to electricity generation from three sources 75sqf of photovoltaic 
cells, one 1.9Kw wind turbine and cogeneration of heat and electricity from burning 
biomass. The energy surplus is credited to biomass production and burning has economic 
value only as electricity whereas heat produced from biomass burning has no economic 
value within IFSC but is factored into energy balance. The 40-acre farm sequestered five 
tons of C02 equivalent gas emissions. Manure management was significant contributor to 
GHG mitigation. Captured manure was either digested and with resulting biosolids being 
feed into a bioreactor or composted and/or manure slurry could be passed through a 
living machine. However, this scenario did result in a small net release of nitrate-N into 
the watershed of 84 pounds.  
 Despite additional ability to produce energy and liquid fuels (biodiesel), the 
foodshed radius was not increased above that of the 10-acre farm. This allowed additional 
volumes of product to be exported while maintaining a net energy positive balance. This 
still limited radius of food miles is also linked to the additional farm operations energy. 
The 40-acre farm on a per acre net income basis was $546 for non-organic sales and 
operation and $990 for organic sales and operation.  
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Table 11: Proposed 40 acre starter farm IFSC balance
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The following figures represent the 40-acre farm gross income and the percent of each 
dollar that is earned per farm product group. 
 
Non‐organic Gross Income  
As Percent Per Dollar 
Produce   53.88%
Grain   0.18%
Forage/Fodder  0.64%
Orchard  33.92%
Livestock  8.99%
Energy Export  2.39%
Carbon  0.10%
Table 12: Gross income as percent of  
each dollar of sales per major farm  
operation bases on non-organic sales  
and farm operations 
 
 
Organic Gross Income  
As Percent Per Dollar 
Produce   47.94%
Grain   0.15%
Forage/Fodder  0.50%
Orchard  36.11%
Livestock  13.84%
Energy Export  1.45%
Carbon  0.6% 
Table 13: Gross income as percent of 
 each dollar of sales per major farm  
operation bases on organic sales  
and farm operations 
 
 
 
 
Figure 32: Proportion of per dollar non-organic gross 
income
Figure 33: Proportion of per dollar gross organic 
income 
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226-acre Production Farm: 
The 226-acre farm required the most significant attention to design and modeling 
tests. The number of animals raised on this farm was directly related to the need for 
energy derived from methane to offset energy used in processing algae into biodiesel. A 
second factor that modeling results revealed is the difficulty in maintaining nutrients for 
optimum yields while maintaining animals in pastures for significant portions of the year. 
Extrapolation of these results infers that confinement of animals for nutrients and 
methane maybe a component of a sustainable agriculture future. The importance of crop 
rotation schemes in broader scale sustainable agriculture is important. IFSC as a static 
model cannot back test crop rotations and there influence on yields or nutrient availability 
over more than a one year.  
 Modeling of the 226-acre farm included an increased foodshed radius for produce 
and orchard crops to 20 miles, while maintaining the haul to market distance for grain 
and biomass crops. This increase in the foodshed radius is attributed to increased 
numbers of animals that feed additional algae and methane production. The over all 
results of modeling the 226-acre farm found that a 592,070 pound of surplus food was 
grown while also producing an net excess of 976 MBtu of energy. The 226-acre farm also 
sequestered 117 tons of C02 equivalent emission; but did release 987 pounds of Nitrate-N 
into the watershed.  
The overall economics of this farm demonstrate that there is a challenge in having 
a truly sustainable farm and achieving the easy economic gains indicative of industrial 
agriculture from crops alone, energy savings and production are key components to a 
relatively stable bottom line. However, this version of the DSF also employees two to 
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four full time laborers based on non-organic or organic operations yet remains 
competitive to the baseline farm which only receives seasonal bursts of attention from 
machinery and sporadic maintenance by cattlemen who lease the pasture. The 226-acre 
farm on a net per acre income basis was $164 for non-organic sales and operation and 
$525 for organic sales and operation. However overall, the 40-acre farm produced the 
highest income per acre, supporting the argument that smaller farms can be economically 
and agriculturally more productive than larger farms.  
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Table 14: Proposed 226 acre production farm IFSC balance
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The following figures represent the 226-acre farm gross income and the percent of each 
dollar that is earned per farm product group. 
 
Non‐organic Gross Income  
As Percent Per Dollar 
Produce   30.18%
Grain   32.15%
Forage/Fodder  0.23%
Orchard  15.89%
Livestock  21.55%
Energy Export  4.52%
Carbon  1.15%
Table 15: Gross income as percent of  
each dollar of sales per major farm  
operation bases on non-organic sales  
and farm operations 
 
 
Organic Gross Income  
As Percent Per Dollar 
Produce   32.65%
Grain   26.29%
Forage/Fodder  0.16%
Orchard  14.23%
Livestock  26.67%
Energy Export  2.31%
Carbon  0.59%
Table 16: Gross income as percent of 
 each dollar of sales per major farm  
operation bases on organic sales  
and farm operations 
 
 
Figure 34: Proportion of per dollar non-organic 
gross income 
Figure 35: Proportion of per dollar gross organic 
income 
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Metrics Assessment:  
 Assessing the Dudley Smith Farm Master Plan based on the critical issues and 
metrics generated as developed by the stakeholders was the second method for 
determining sustainability within the master plan. Sustainability in this case is meeting 
regionally based issues through design solutions or program opportunities. Linking the 
specific technologies, program or design elements to issues or metrics adds a qualitative 
depth to the overall assessment process that began with IFSC.  
 The Dudley Smith Farm Master Plan was developed to address as many of the 
critical stakeholder issues as possible, meeting regional needs. Not all the issues and 
metrics could be addressed with realistic certainty. The implementation of a single 
practice or technology on the DSF alone could be ineffective and would require broader 
regional adoption and integration. To follow are the stakeholder issues and metrics under 
each of the Social, Economic and Environmental themes linked to the proposed solutions 
or actions taken to address them.  
Social Issues and Themes:  
- Issue - - Metric - 
Urban Rural Interface and Compatibility Analogs for a urban edge or hobby farm 
 
      
Figure 36: Farm scale addressing edge or small farms
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The primary means of addressing the urban rural interface issue was through 
including both the 10 and 40-acre farm scales. The DSBR has several small communities 
the largest city being Springfield, IL. Stakeholders were concerned with the ability to 
provide a productive edge condition around a city and develop a land use gradient as a 
barrier between urban and rural edge to ease development pressures. The program and 
farm size proposed in the 10 and 40-acre farm addressed this concept of a productive 
edge providing communities with food and energy resources as well as provide a zoning 
buffer between sprawl and the larger agricultural systems.  
- Issue - - Metric - 
Control of Farm Base Increased owner/operator status 
Farming Legacy New Farmers or Farms 
 
The issues of control of the farm base and farming legacy stems from the 
percentage of non-owner operated farms in the region and the increasing land leases. The 
reduction of owner/operators in the region consolidates the control of the farming land 
and capital into the hands of fewer individuals and/or larger agribusinesses. The concepts 
of farm scale, program and small producer economic viability entered as solutions to this 
problem. This also provided for novel opportunities to teach basic farming and alternative 
farming to new farm owner operators and additional capacity into the regional system.   
- Issue - - Metric - 
Rural opportunity structure Jobs and employment 
 
Concern over shrinking employment especially primary employment and the 
ability to provide basic social services and investment in local industries is the driver 
behind this issue and metric. Stakeholders identified the creation of rural investment and 
employment opportunities as one of the most significant issues facing the region and the 
agricultural system as a whole. The method used to address this issue was the 
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diversification of farm products especially those that have the capacity for “value added” 
investment. Onsite energy production or production of nonfood energy feedstock 
requiring low intensity processing also answers the opportunity and employment issues 
and metric. 
Economic Issues and Themes: 
- Issue - - Metric - 
Small Farm Viability Reverse Current Trend of Small Farm 
Losses Numbers/% of farms in region 
 
Although the metric for small farm viability called for reversing current trends of 
farm losses, stakeholders identified this as an economic problem. Viability of a small 
farm was defined by stakeholder two ways: First that any farm scale should generate a 
net profit and secondly that a farm smaller than 40-acre should consider a less than full 
time commitment of an operator to allow for additional off farm employment. Farms 
greater than 100 acres should generate a net income of least that of the medium per capita 
income of the region; Christian County’s medium per capita income was 20,595 dollars 
in inflation adjusted 2007 dollars based on US Census data. Stakeholders also addressed 
farm labor concerns by setting farm labor salary at the USDA average surveyed hourly 
agricultural wage, which for Christian county is ten dollars per hour. Through design and 
program, the 10-acre farm balanced low time inputs through pastures and orchards with 
high time and labor intensive systems like the annual produce crops. This would result in 
a requirement of off farm employment to reach the medium income threshold. The 40-
acre farm was developed to allow for the net profit after including the employment of 1 to 
1.75 full time equivalent employees. If the farm operated as an organic farm the operator 
would net 18,762 dollars above the medium county per capita income.  
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- Issue - - Metric - 
Farm products diversification Number of crops produced per season and 
capacity for or on farm value added goods 
 
 
 
Farm diversity would provide a variety of crops to multiple outlet sources. ‘Crops 
that have a capacity for value added investment’ was also identified by multiple 
stakeholders as a key issue and metric. Diversification of farm products and value added 
goods has also been imbedded in several previous metrics. The designed components that 
achieved this diversification metric include food forests, orchards, vegetable production 
and livestock. Orchard and vegetable crops have many value added possibilities such as 
prepared foods or preserved foods. Livestock through meat or dairy processing and 
organic or grass feed labeling also add value. 
- Issue - - Metric - 
Environmental credit income Non production related income to increase 
income per acre 
Farm management subsides Subsides for farms using best management 
practices  
Figure 37: Orchard ally cropping 
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These issues were difficult to address in economic respects since stakeholders 
specifically identified these as economic payments or subsides for incorporating farming 
best management practices (BMP) or for carbon or nitrogen credits. Only carbon and 
Conservation Reserve Programs (CRP) have widely accepted values. Carbon credits were 
included as part of farm income in IFSC following stakeholder input but not CRP. Design 
of the DSMP incorporated many BMP systems as well as mitigation programs such as 
wetlands for nitrogen management and perennial grass systems as carbon sinks. The 
overall designed agroecosystem captured operational efficiencies through utilizing waste 
to energy systems, nutrient management and other looped or cyclical systems. 
Environmental Issues and Themes: 
- Issue - - Metric - 
Soil Conservation Soil Building and Erosion Management  
 
Erosion management consists of existing best management practices that are 
widely accepted by the USDA/NRCS. However, few existing practices are widely 
accepted for soil building. Tools employed to encourage soil building include 
conservation, no-till, cover crops, manure applications, composting as well as 
maintaining on average 33% of the farm under perennial cover to build soils much in the 
same manner as Mollisol soils are believed to have developed. The methods used as part 
of the DSF systems plan may not achieve the best possible results when compared to 
research and methods utilized by the Rodale Institute in Pennsylvania, leaders in 
developing soil building practices.   
- Issue - - Metric - 
Watershed Health 75% reduction of total nitrogen export  
 Implementation of Phosphorus 
Management plan 
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  Figure 38: DSF Agricultural wetland 
 
The watershed health issue and metric were developed by the stakeholders, with 
nitrogen as the central issue. Based on the stakeholder metric nitrogen is quantified 
within IFSC. One of the six sustainable agriculture goals also addressed this issue but in a 
more stringent requirement of 75% reduction over the baseline condition. Since each 
farm scale met the more stringent sustainability goal the stakeholder metric was 
addressed. The design and farm operations were both altered in response to this issue and 
to address the sustainability goal. Buffers, cover crops and no till were implemented as 
best management practices while wetlands acted as nitrate sinks. Increased reliance on 
animal manures to reach a minimum acceptable yield response curve intersect for 
nitrogen (at least 60% see IFSC model) was also developed as an operational change to 
reduce nitrogen import and export. Phosphorous was not specifically addressed but it was 
assumed that if a strategy was good for nitrogen mitigation then it was also acceptable for 
phosphorus management.  
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- Issue - - Metric - 
Greenhouse Gas Emissions  1. Carbon Neutral System 
2. Reduce Overall Greenhouse Emissions  
3. Capture/Mitigate Emissions From 
Animals 
 
The greenhouse gas balance (Table 17) for the 226-
acre Production Farm exceeded the metric by not 
only mitigation animal manure related emissions but 
also by sequestering 233,097 pounds of carbon 
equivalent GHG emissions. Given that each farm 
scale was designed to meet the more stringent goal 
of net carbon sequestration the stakeholder metric 
was surpassed. The management of GHG is a 
significant challenge and required alterations on 
several fronts. The most effective method for GHG 
reduction was the management of animal wastes and 
using these wastes for both biogas and algae 
production. The proposed DSF system is illustrated 
in Figure 32. Additionally biofuels, reduced tillage, 
legume cover crops and use of biomass for heating, 
grain drying and energy production all prevented 
and offset the GHG associated with all farm 
operations. GHG management was the greatest 
Table 17: 226 acre farm greenhouse 
gas balance 
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challenge for systems development and 
design strategies because of the 
widespread sources and need to offset 
gases that are charged against the farm for 
any offsite fuel processing.  
 
 
 
 
 
 
 
 
 
 
 
 
 
- Issue - - Metric - 
Biodiversity Habitat and System Biodiversity  
 
 
 
Figure 40: Food forest plan and section  
Figure 39: Greenhouse gas management and waste 
to energy flow diagram
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Biodiversity of industrial agroecosystems was widely accepted by stakeholders as 
both a native ecosystem issue as well as a crop biodiversity issue. Addressing this issue 
came part in parcel with simple diversification of crops. Pastures and orchard land 
allocations provided for the best opportunities to address biodiversity. Pasture were 
modeled and developed as tame pastures that incorporated warm season native forage 
grasses for both diversity and drought tolerances. Orchards and food forests were both 
developed as part of a permaculture model which allowed a variety of species along any 
given section through the orchard as well as maintenance of a mixed herbaceous layer 
within orchards.  
Addressing the issues and basing assessment on the metrics proposed by 
stakeholders created an opportune filter for the ecological modeling and assessment done 
as part of the IFSC modeling. IFSC strengths lie in the quantification of energy, yields, 
carbon and economics. Whereas the stakeholder developed criteria helped to set the 
standards and the boundaries; and dimension of a sustainable Dudley Smith Bioregion 
Plan. Balancing IFSC with the stakeholders critical input, design frameworks, and 
economics allowed the creation of a sustainable and bioregional Dudley Smith Farm 
Master Plan 
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CHAPTER 7 
CONCLUSION 
The intent of this project is to explore the possibilities and tools needed to develop 
forms of sustainable agriculture tailored to a region or community. This project sought to 
engage in a whole systems, multidisciplinary approach to solve the environmental, social 
and economic issues and impacts of industrial agriculture. This approach found that 
agriculture can be organized and regionalized to support our rural, social and economic 
systems while observing ecological limits and supporting sustainable agroecosystems. 
We have the potential to develop a center for long-term sustainable research at the 
Dudley Smith Farm. Such a center has the potential to become a US Long Term 
Ecological Research Station.  
 Fortunately, there are no signs on the horizon for when we will no longer need 
agriculture but our current environmental, social and economic crisis threatens the fabric 
of agriculture, thus sustainable agriculture must be the seed that germinates from this 
crisis. We cannot afford to turn our backs on this crisis, especially in a future where there 
is no margin for error and where we lack the energy to institute change. Land grant 
institutions have the responsibility to renew the current agricultural paradigm. Let us 
hope they will not pass the torch of industrial agriculture to the next generation.  
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APPENDIX A 
BIOREGIONAL ANALYSIS MAPS 
 
The following maps represent the anlysis used to define the Dudley Smith 
Bioregion as well as conduct a simple anlysis of its nature, capacity and pervailing 
agriucltural and rural social chartersitics.  
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Figure 1: Quaternary deposits represent geologic and glacial deposits from 2.58 Ma to present day 
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Figure 2: Glacial Drfit thickness maps thickness of glaciers on the landscape from 2.58 Ma to 12Ka  
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Figure 3: Limits of major glacier events 
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Figure 4: Macro scale soil associations of woodland or Alfisol or prairie Mollisol  
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Figure 5: Statewide infrastructure that supports agriculture 
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Figure 6: Omernik’s Illinois Ecoregions  
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Figure 7: Bailey’s Illinois Ecoregions section level delineation  
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Figure 8: Bailey’s Illinois Ecoregions Province level delineation 
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Figure 9: Major watershed, rivers and dams 
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Figure 10: Dudley Smith Bioregion Quaternary Deposits  
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Figure 11: Dudley Smith Bioregion glacial drift thickness   
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Figure 12: Dudley Smith Bioregion soil associations of woodland or Alfisol or prairie Mollisol 
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Figure 13: Dudley Smith Bioregion Huc 8 and Huc 12 watersheds, and streams 
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Figure 14: Dudley Smith Bioregion Infrastructure that support agriculture  
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Figure 15: Percent family farms and farm size in counties of the bioregion  
 105 
 
Figure 16: Farm operator average age and value of farm machinery and equipment in counties of the 
bioregion 
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Figure 17: Farm production expenses and average value of crops on a per acre basis in counties of the 
bioregion 
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Figure 18: Total cropland as % of land and harvested cropland as % of farmland in counties of the 
bioregion 
 108 
 
Figure 19: % cattle as total sales per 100 acres and value of all livestock as % of gross of all sales in 
counties of the bioregion 
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Figure 20: Total acres of vegetables harvested and % value of all gross sales in counties of the 
bioregion 
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Figure 21: % farms under 10K gross sales and farms over 10K gross sales in counties of the 
bioregion 
 111 
 
APPENDIX B 
DUDLEY SMITH SCENARIO PLANNING WORKSHOP 
 
The following are scaned orgionals of rubrics used by workshop particiapnts. 
Each of the workshop groups were given rubric to track the potential impacts of a given 
scenario, identify issues and propose metrics. One full set of rubris to to follow for the 
doubled energy cost scenario. The use of rubrics was dicarded by the workshop groups in 
favor fo a free flowing dicusssion with a recorder keeping notes.  
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APPENDIX C 
FEASIBILITY ANALYSIS MAPS 
 
The following maps represent the anlysis taken to determin the feability of the site 
to support vasrious functions and locate them according to soil and slope suilability. All 
data about soils was based on NRCS soil survey data.  
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Figure 1: Dudley Smith Farm NRCS soils types and Huc 12 watershed boundaries  
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Figure 2: Prime and non prime farmland analysis based on NRCS soil type and classification  
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Figure 3: Hydric and non hydric soisl analysis based on NRCS soil type and classification 
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Figure 4: Row crop production capacity analysis based on NRCS soil type and classification 
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Figure 5: Pasture location analysis based on NRCS soil type and classification 
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Figure 6: Suitability for locations for development for structures based on NRCS soil type and 
classification 
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Figure 7: Suitability for wetlands analysis based on NRCS soil type and classification 
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Figure 8: Suitability for forests or orchards analysis based on NRCS soil type and classification 
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APPENDIX C 
IFSC AND MODEL TABLE DATA 
 
 To follow is a functioning copy of IFSC attahed as a companon CD. If the CD is 
not attached or has been  lost IFSC can be downloaded at either SourceForge.net or at 
ww.dsi.aces.uiuc.edu.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
